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ABSTRACT 
TheaimofthestudywastoevaluatethechangesinphysiologicalparametersandtheCd,Cu,Pb uptakeofthelichens
over time transplanted toanurbanenvironment.Thalliof theepiphytic lichenEverniaprunastriwere transplanted
fromanunpollutedtoanurbanenvironment (Kaunas,Lithuania).Chlorophyllaandb,malondialdehyde (MDA)and
the damage to cell membranes in the lichen thalli were determined after 1 month exposure period. The
concentrationsof someheavymetals (Pb,Cd,Cu) in thebiomonitorswereusedasan indicatorof the levelofair
pollutioninthestudiedarea.Theaccumulatedheavymetalsintheexposedsampleswereassessedandtheexposed–
to–control ratiowas calculated in each case. All the studied heavymetals accumulated in the lichens thatwere
transplanted inthetrafficsites.Theconcentrationofchlorophyllawashigher inthesamplesexposed intheurban
parksandresidentialsites.Thepresenceofurbanpollutantscausedthelossofintegrityofcellmembranes.

Keywords:Lichen,oxidativestress,chlorophyll,traceelements,accumulation

CorrespondingAuthor:
Gintare Sujetoviene 
:+370Ͳ37Ͳ352937
:+370Ͳ37Ͳ327916
:g.sujetoviene@gmf.vdu.lt

ArticleHistory:
Received:15January2013
Revised:21March2013
Accepted:22March2013
doi:10.5094/APR.2013.023

1.Introduction

Urbanenvironmentsaresubjectedtointensiveanthropogenic
pollution.Rapidurbanisationhas resulted in increasingurban air
pollutioninmajorcities.Alargeamountofairpollutionincitiesis
attributedtovehicleemissionsbroughtaboutbyahighnumberof
older vehicles and low fuelquality. Transportemits amixtureof
various pollutants including NOX, CO, CO2, volatile organic comͲ
pounds,polycyclicaromatichydrocarbons,particulatesandmetals
(Gombert et al., 2003; Larsen et al., 2007; Soret et al., 2013).
According to numerous studies, the elevated concentrations of
some heavy metals in lichens are also mainly related to the
presence of emissions from cities, i.e., traffic emissions (vehicle
exhaustandtirewearparticles,weatheredstreetsurfaceparticles)
and industrialemissions(powerplants,coalcombustion,chemical
plants,etc.)(AdamsandGottardo,2012).Thesereleasedchemicals
causedamagetothelivingorganisms.

Biomonitoring techniques couldhelp toassess theeffectsof
pollution and other environmental changes on the biotic
componentofecosystems.Ingeneral,abiomonitorisanorganism
that provides quantitative information on the quality of an
environment,whilebioindicator isanorganism that indicates the
presence of the pollutants by qualitative responses changing
physiologicallyorchemically(ContiandCecchetti,2001).BiomoniͲ
toringprovidesuseful informationon thenatureandquantityof
pollutants which show a complex response to environmental
factors. Lichens have played an important role in air pollution
studiesandtodayareamongthemostfrequentlyusedmonitorsof
environmental pollution (Conti and Cecchetti, 2001;Wolterbeek,
2002). Lacking roots,having large surfaceareaand relatively low
growth rate, lichens adsorb many substances from the atmoͲ
sphere that are mainly depend on atmospheric deposition. In
monitoring for environmental pollution, it is assumed that the
reaction of lichens is a better indicator of environmental quality
than theconcentrationofparticularpollutants (NimisandPurvis,
2002).Basedon the speciesnumber, frequencyand toleranceof
the lichenspresent inanarea, theycanbeusedasbioindicators.
Lichen diversity is constantly decreasingwith the increase in air
pollutionstress(Paolietal.,2006;Larsenetal.,2007;Calveloetal.,
2009). In transplantation studies, theuseof transplants seeks to
assess air quality according to changes in physiology and/or
elementaccumulation.Moreover,such relatively inexpensiveand
quickmethods are valuable inorder toprovide resultsonwhich
predictionsforhumanhealthcanbebased(FreitasandMartinho,
2011).

In the urban and industrial environment, pollutants cause
damage to the photosynthesis apparatus (Zambrano and Nash,
2000; Piccotto et al., 2011), decrease the integrity of cell
membranes (Paoliet al.,2011), contentof assimilationpigments
(Gonzalez and Pignata, 2000; Backor et al., 2010) and/or induce
oxidative stress (Carreras et al., 2009; Oztetik and Cicek, 2011).
Besides the changes inphysiology, theelemental compositionof
lichensreflectstheconcentrationsofsuchsubstancesasgasesand
heavymetals in the polluted environment (Guttova et al., 2011;
OztetikandCicek,2011;Demirayetal.,2012;Haucketal.,2013).
There isacloserelationshipbetweenthecontentofaccumulated
heavymetals in lichensand thecontentmeasured inair (Rodrigo
et al., 1999;Ng et al., 2006).Because in theurban environment
there is a high density of traffic and industrial activities, a long
lifetimeof lichens leads to the accumulationofhigh amountsof
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elementsuptolevelsinexcesstotheirphysiologicalrequirements
(Guidottietal.,2009;Aprileetal.,2010).

In Lithuania, the studies on the physiological changes and
elemental composition of the environment using bioindicators
have mainly focused on moss (Ceburnis and Steinnes, 2000;
Ceburnis et al., 2002; Sakalys et al., 2009). Epiphytic lichen
communities’ structurewasonly recorded in the surroundingsof
industrial sources (Motiejunaite, 1993; Motiejunaite, 2007).
Therefore,theobjectiveofthepresentstudywastoevaluatethe
physiological alterations (chlorophyll content, membrane lipid
peroxidation,damagetocellmembranes)andtocharacterizethe
presence of heavymetals (Cd, Cu, Pb) in the thallus of Evernia
prunastritransplantedtotheurbanenvironment.

2.MaterialandMethods

2.1.Studyarea

ThestudyareaislocatedinKaunas,centralLithuania(54°54഻N,
23°56഻E). Kaunas is the second largest city in Lithuaniawith the
population ofmore than 330000 and the area of 157km2. The
topography is flatwith theelevationsof70–80m.The climate is
continental,withameantemperatureof6.5°Candmeansannual
precipitationsof630mm.Prevailingwindsaresouth–westerly.The
mainsourceofpollutionisvehiculartraffic.

Road traffic as a mobile pollution source contributes
significantly to the local pollution. The pollution from the traffic
composes about 80% of air pollution. There are about 200000
transportvehiclesinKaunascity.TheenvironmentofKaunascityis
influencedbytwomainhighwaysofinternationalimportance–Via
BalticaandahighroadA1(Vilnius–Kaunas–Klaipeda).The latter
iscrossedbyabout48000carsperday.

Othermainpollution sourcesarepowerplantsand industry.
Thepowerplantsare located intheeasternpartofthecity.Heat
andelectricalpowerareproducedbyburningnaturalgasandfuel–
oil.Majorstationarypollutionsourcesalso includemanufacturing
plants(footwear,pharmaceuticals,textile,andfurniture).Manyof
theseplantsusevarioussolvents,paints,varnishes,whichcontain
largeamountsofvolatileorganiccompounds.Theindustrialplants
aremainlyconcentratedintheeasternpartofthecity.

2.2.Lichenstransplants

Thalli of Evernia prunastri were collected in a remote area
located 25km from Kaunas city centre (Neveronys, central
Lithuania). The fruticose lichen E. prunastriwas chosen because
such epiphytes are easily collected, transplanted and observed
(Mikhailova, 2002). In addition, it is a good model for
biomonitoring atmospheric quality for transplantation studies
(Loppietal.,1998;LoppiandFrati,2006;Guttovaetal.,2011;Paoli
etal.,2011).

The lichen samples were carefully cleaned with ceramic
tweezers to remove extraneous materials. About 3–4g of the
lichenmaterial(freshweight)waspacked loosely innylonnetting
(1u1mm)bags (20u20cm)with anylon rope andhanged at the
height of 2–3m above the ground. Each bag contained several
thalli.Threeofthesebagswerehangedateachsamplingsite.The
control set was transplanted into the lichen native unpolluted
habitat. The lichen thalliwere transplanted to 14 study sites in
Kaunas city (Figure1). The lichen samples were exposed for
5weeks,fromthe17thMarchto22thApril,2012.Attheendofthe
exposure period, the lichen bags were collected and the lichen
material was placed in clean plastic bags in order to avoid
contamination.

Thecityareawasdividedintotwozones:theinnerpartofthe
city(7sites)andtheouterpartofthecity(7sites)accordingtothe
differentenvironmentalcharacteristics.Theinnerpartofthecityis
inthecitycenterandischaracterizedbytrafficactivity.Thispartof
the city lies topographically in the lowland on the confluence of
two rivers. The concentrations of nitrogen oxides (NOX) and
sulphurdioxide (SO2)werehigher in the innerzoneof thecity in
comparisonwiththeoutercityzoneandthecontrolsite.Theouter
part of the city is around the inner part and is topographically
higherthanthecitycenter.Anotherclassificationofthestudysites
wasselectedaccordingtotheanthropogenicactivity.Threebroad
categories were used: (1) urban parks, (2) residential area, (3)
trafficarea (treesnear roads).Theurbanparksare characterized
by green areas and low traffic activity. The residential area is
characterized by moderate traffic activity and housing developͲ
ment.Thetrafficsitesarealongroadswithhighactivityofvehicles
(cars, taxis,public transport).Thecontrolsetwas transplanted to
the trees in the same location (Neveronys,25km from the city).
Basedonthedataofmajorcompoundsconcentrationsrecordedin
the automated air pollution monitoring stations during the
transplantationperiod,theconcentrationsofnitrogenoxides(NOX)
andsulphurdioxide(SO2)werethehighestintheinnercityzonein
comparison with the outer city zone and the control site. The
averagelevelsofNOXhaveexceededthethresholdof30Pgm–3in
theinnerpartofthecity(39.9Pgm–3).InthecentreofKaunascity
theconcentrationofnitrogendioxidewasabout26.7Pgm–3,while
itwaslowerintheouterpartofthecityandcontrolarea(17.9and
10.3Pgm–3,respectively).Concentrationsofsulphurdioxidewere
higher in the urban sites than in the control area (about 3.0–
3.4Pgm–3and1.6Pgm–3,respectively).

Figure1.Mapofthestudyareaandlocationsofthesamplingsites(ӑ–sitesintheinnerpartofthecity,෽–sitesintheouterpartofthecity).
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2.3.Analysisofphotobiontchlorophyll

Thesamples(20mg)weresubjectedtosix5–minwashingsin
3mL of CaCO3 saturated acetone to remove lichen acids
(Boonpragob, 2002). The lichens were then air–dried at room
temperaturetoallowcompleteacetoneevaporation.Thedrythalli
were immersedindimethylsulfoxide(DMSO)withtheadditionof
polyvinylpyrrolidone(PVP)and incubatedat65°Cfor45mineach
inthedarktoallowchlorophylltobeextracted.Theextractswere
cooled toambient temperatureandDMSOwasadded.The samͲ
pleswerecentrifuged for10min.Theabsorbanceof theextracts
was measured at 665 and 648nm. Chlorophyll content was
calculated using equations according to Barnes et al. (1992) and
expressedasmgg–1dryweight.

2.4.Integrityofmembranes

To check the integrity of the plasma membrane enclosing
cells,thedifference inelectricalconductivitymeasuredbyplacing
thethallusindistilledwaterwasused(Marquesetal.,2005;Munzi
etal.,2009).Eachsample (100mg)wasseveral timesrinsedwith
deionised water for 3–5s, until stable conductivity values were
obtained. The electrical conductivity of thewaterwasmeasured
before and after lichen immersion using conductivity meter
(inoLABMulti 720). Then, the sampleswere put in the oven at
105°Cfor24htoobtaindryweight.Electricalconductivityvalues
wereexpressedinμScm–1mLmg–1dryweight.

2.5.Membranelipidperoxidation

Malondialdehyde (MDA) was measured by a colorimetric
method(HeathandPacker,1968).Thelichensampleswererinsed
withdistilledwaterandhomogenizedinamortarusing0.1%(w/v)
trichloracetic acid (TCA)with the addition of sand. The homogeͲ
nate (1.5mL) was put in Eppendorf tubes and centrifuged.
Supernatant (0.5mL)was collectedandadded to1.5mLof0.6%
thiobarbituric acid (TBA) in 10% TCA. The tubeswere put in the
oven at 95°C for 30min, cooled in the ice bath and then the
solutionswere centrifuged again. The absorbance of the superͲ
natantwasmeasured at 532nm and corrected for non–specific
absorption at 600nm. The concentrationofMDAwas calculated
using the extinction coefficient 155mM–1cm–1 and expressed as
μmolg–1dryweight.

2.6.Bioaccumulationofmetals

Lichensampleswereoven–driedat70°Cuntilconstantweight
andgroundtoafinepowder.About150mgoflichenpowderwas
placed intoaTeflonvessel (100mLcapacity)anddigestedwith6
mL of HNO3 (65%) and 2mL of H2O2 (30%) using amicrowave
digestion system (Milestone EthosOne).Digested solutionswere
broughtuptoafinalvolumeof25mLwithultrapurewater.IRMM
(Institute for Reference Materials and Measurements) certified
reference material BCR–482 (trace elements in lichens) was
digested in the same way as lichen samples. Concentrations of
heavymetals(Cd,Cu,Pb)weredeterminedbyAtomicAbsorption
Spectrometer(ShimadzuAA–6800,Japan)withagraphitefurnace
atomizer (GFAAS). The elemental standard solutions were
preparedbydilutinga stock solutionof1000mgL–1 (Cu,Cd,Pb)
supplied by Sharlau (Spain). The recoverywas tested at 4 spike
levels.Alichensamplewasdividedintoseveralaliquots.Inoneof
thealiquotsinitialconcentrationsofPb,CdandCuweremeasured.
Other aliquotswere spikedwith four different concentrations of
respectivemetal standard solutions. The final concentrations of
the metals in the spiked samples were determined, and the
respectiverecoverieswerecalculated.

Accuracy studies were performed by analysing certified
referencematerial (BCR–482).Themean recoverieswere:Pb92–
109%,Cd63–93%andCu85–94%.

2.7.Dataanalysis

Theaccumulatedheavymetals in theexposedsampleswere
assessed and the ratio between the concentration after the
exposure and that of the control sample (exposed–to–control
ratio, EC ratio)was calculated according to Fratiet al. (2005). In
order to assess heavymetals accumulation or loss (A/L) in the
lichenthalli,5–classinterpretativescalewasused.

Thedifferences inphysiologicalparametersandheavymetal
content were compared using one–way analysis of variance
(ANOVA) among the sampling sites. Non–parametric Spearman
correlationcoefficientswerealsocalculatedbetweenphysiological
parametersandheavymetalcontentmeasuredinthetransplanted
lichens. Mann–Whitney U test was applied to determine the
significance(p<0.05)ofthedifferencebetweenthedifferenturban
sitesandthecontrolsite.

3.Results

3.1.Physiologicalparameters

The highest value of chlorophyll a concentrationwas in the
inner zone of the city, where it was 7.9% and 11.8% higher
comparingwith the values in the control site and theouter city,
respectively (Figure2). The values of chlorophyll a concentration
were significantly higher in the urban parks and residential sites
comparingwiththecontrolzone(p<0.05).However,thesignificant
reductionofchlorophyllawasobservedat the transplantedsites
intheintensivetrafficsites(p<0.05).


Figure2.Chlorophyllaandbcontents(mean±SE)inEvernia prunastri transplantedto
thecontrolandinurbansites.
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
Chlorophyllbcontentwassignificantlylowerintheouterzone
of the city than in the control site (Figure2). In the inner city,
despite the increase in chlorophylla concentration, chlorophyllb
concentrationwas lower in the transplanted lichens but did not
differ significantly from the control site (p>0.05). A significantly
lower concentrationof chlorophyllbwas in the siteswithheavy
traffic (p<0.05, Figure2). The changes in chlorophyll b content
underurbanenvironmentconditions resulted insignificantdifferͲ
rencesbetweenthestudysites.Chlorophyllbcontentdecreasedin
such an order: parks, residential, and traffic sites. The factor
location (parks, residential, traffic sites) was associated with
changes in chlorophylls content (Chl a: F=13.47, p<0.001; Chl b:
F=14.76,p<0.001).

The cellmembranedamagewasexpressedasan increase in
electrolyte leakage. The values of electrical conductivity in the
controlzonewerelowerthanthoseintheurbanarea(Figure3).In
the inner polluted zone electrical conductivity was significantly
higher than in thecontrolsite (38.6%of thecontrolsite,p<0.05)
whileintheouterzoneconductivitywasalsohigher(22.5%ofthe
controlsite)butinsignificantcomparedtothecontrolsite(p>0.05).
In theurban study sites (parks, residential,and traffic influenced
sites) damages to the cellmembranes were significantly higher
thanthevaluesofthecontrolsite(p<0.05,Figure3).Theeffectof
locationon integrityof cellmembraneswas significant (F=16.73,
p<0.001).

Figure3.Cellmembranedamageexpressedaselectricalconductivity
(mean±SE)oftransplantedEverniaprunastritourbanenvironment.

A higher membrane lipid peroxidation expressed as MDA
content in Evernia prunastriwas observed in the urban environͲ
ment:MDAcontentinthesamplesexposedintheinnerpartofthe
city was 16.5% higher than the content in the control site
(Figure4). In theouter city sites,MDA concentrationwas signifiͲ
cantly lower than in the inner zone (p<0.05) but there was no
significant difference compared to the unpolluted (control) sites
(p>0.05).Thetendencyremainsthesameasitwasmentionedwith
ECresults: intheurbanstudysitesMDAcontentwassignificantly
higherthanthevaluesinthecontrolsite(p<0.05,Figure4).

3.2.Bioaccumulationofheavymetals

No significant changeswere recorded for Cd content in the
transplanted lichens.However, the lichens exposed in the urban
inner and outer zones had a significantly higher content of Pb
comparing with the control site (p<0.05, Figure5). A higher Pb
contentwasalsoaccumulated inthe lichenexposed intrafficand
parkssites.AsignificantlyhighercontentofCuwasobservedinthe
lichenthalliexposedinthehightrafficsites(p<0.05).

According to the EC ratios and the relative interpretation
scale,theconcentrationsofCdwerefoundinnormallevelsinthe
urban sites, except that it had accumulated in the traffic sites
(Table1).TheareaofKaunascity ischaracterizedbyCupollution,
whichaccumulated inallthesites.Thetoxicheavymetal,namely
Pb,accumulated in the lichen thalli in theoutercitysites,also in
thecityparksandtrafficzones.

Figure4.MDA(mean±SE)inEverniaprunastritransplantedtocontrol
andurbansites.

Figure5. Elemental(Cd,Cu,Pb)concentrations(μggͲ1 DW)inEvernia
prunastriatthestudiedsites.

Bioaccumulation of Pb in the transplanted lichens was
negatively correlated with chlorophyll a and b concentrations
(p<0.05,Table2).The relationshipsbetweenCdandphysiological
parameterswerenotobserved.HigherCucontentwerepositively
correlatedwithMDAcontent(p<0.05,Table2).

Table1. EC ratios of samples transplanted to urban sites and relative
accumulation/loss(A/L)class
Sites
Cd Cu Pb
EC
ratios
A/L
classa
EC
ratios
A/L
class
EC
ratios
A/L
class
Inner 1.15 N 1.51 A 1.22 N
Outer 1.23 N 1.47 A 1.41 A
      
Parks 1.20 N 1.73 A 1.33 A
Residential 1.02 N 1.37 A 1.09 N
Traffic 1.33 A 1.48 A 1.50 A
aN–normal,A–accumulation

Table2. Correlations between heavy metal contents and physiological
variablesinthelichenEverniaprunastri
 Cd Cu Pb
Chla n.s. n.s. Ͳ0.26
Chlb n.s. n.s. Ͳ0.37
Electricalconductivity n.s. n.s. n.s.
MDA n.s. 0.46 n.s.
n.s.:notsignificant
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4.Discussion

4.1.Effectsonsamplevitality

Urbanpollutionofhighlypopulatedareasderivesmainlyfrom
motor vehicles, industrial plants, combustion and heating plants,
etc. As a result of road traffic and energy production, mainly
nitrogen and sulphur compounds pollute the air. These oxides
could act as fertilizers. Our results indicate that the chlorophyll
contentwas influencedby trafficemissions (sulphurandnitrogen
oxides).Astheconcentrationsintheairarehigherintheinnercity
than in the outer or control zones, nitrogen and sulphur
compounds can serveasnutrients. Itwas suggested that chloroͲ
phyll synthesis could be stimulated at the urban sites due to
nitrogencompounds (NO3–,NH4+),whicharebeneficial to lichens
(Boonpragob andNash, 1991). In our study, a higher content of
chlorophyll a and b in the city parks could be explained by a
fertilizinginfluenceofthesepollutants.Inthesituationswherethe
atmospheric load of these nutrientswas high, the accumulation
couldbebeyondtheoptimumconcentrationforgrowthandcould
become toxic. In our study, we found that chlorophyll a
concentrationswere higher in the samples exposed in the inner
partofthecitythaninthesamplesexposedintheouterpartofthe
city.Thiscasewasalsocharacteristicofthesitesintheurbanpark
and residential areas. The lichen transplanted from an environͲ
mentrelativelylowinnitrogen,usednitrogenasanutrient,andin
responsechlorophyllacontent increased.Asimilar responsewas
foundintheotherstudies–withParmeliasulcatatransplantedto
theurbanareaofBielcity (vonArbandBrunold,1990)andwith
Usnea amblyoclada transplanted at centre of Cordoba city
(Carrerasetal.,2005;Carrerasetal.,2009).Itwassuggestedthat
theconcentrationofchlorophyllwasaffectedby the traffic level:
thecontentofchlorophyllswasincreasedinparallelwiththelevel
ofpollutantsemittedbytransportandasacompensatorymechaͲ
nism the lichenswould increase their synthesis (Carreras et al.,
1998).

The increase in the levels of chlorophyll could take place
under the favourable environmental conditions, especially in the
levels of humidity. Boonpragob and Nash (1991) reported that
duringwinterwithmorewetdeposition,chlorophyllcontentswere
slightly higher at the polluted site than at the control site. A
“droughthypothesis” suggests that the lichendesertobserved in
urban areas is more a matter of dry microclimate than of air
pollution (Tretiach et al., 2012). This is in accordance with the
resultsofourstudy,wherethelichenstransplantedtourbanparks
exhibited more favourable growing conditions than in the sites
nearroads.Inthetrafficsites,thetreeswereexposedtoahigher
light and drymicroclimate conditions. Such conditionswere not
beneficial to the photosynthesis process and the content of
chlorophylldidnotincreaseoverthestudyperiod.

The electrical conductivity reflects the degree of cell
membrane damage. It was assumed as a good indicator of
pollution as revealed by the increase in electrical conductivity
indicating adamageenduredby lichen cellmembranes (Pearson
andHenriksson,1981;Munzietal.,2009;Paolietal.,2011).Allthe
transplants of the studied urban sites showed damage to cell
membranes,whichwas probably caused by a heavier pollution.
This isconsistentwiththeresultsofPaoliandLoppi(2008)study,
where thecellmembranedamage in the lichenEverniaprunastri
correlatedwithairpollution.Several studieshavealsodealtwith
the injured cell membranes upon the exposure to a polluted
environment by transplantation (Boonpragob and Nash, 1990;
Gartyetal.,1998b).Itwasconcludedthatmanyelementsoccurred
inhigherleachableconcentrationsatthepollutedsites.

Ourresultsindicatedacleardifferenceintheinduceddamage
tocellmembranesbetweentheexposuresitesandreference,with
almosttwicehighervaluesforthepollutedurbansites.Gartyetal.
(1998a)observeda similardifference inelectrical conductivityof
lichens from industrial polluted sites comparedwith those from
ruralsites.Despitearelativelyshortperiodofexposure,thestudy
presented significant differences between clean and polluted
urban sites. Several studies reported higher concentrations of
leachedcationsfromthelichentransplantsandrelatedthistocell
membranedamageduetoheavymetalaccumulation(Gartyetal.,
2002; Adamo et al., 2003). In the opposite case, the cations
remainedatnormallevelsunderurbanandindustrialairpollution,
and itwas therefore suggested thatEverniaprunastri transplants
werenotsubjectedtohighloadsoftoxicheavymetals(Fratietal.,
2005).

Oxidant atmospheric pollutants also cause damage to the
membranesofa lichencell.As theevidenceof that,higherMDA
concentrationsweremeasuredinthesamplestransplantedtothe
studied urban area. Under the exposure of pollution, lipid
membrane peroxidation occurred leading to a higher cell
membranedamage.Asmembraneperoxidation (MDA) is considͲ
eredasasensitiveparameterof identificationofpollutionstress,
thesignificantdifferencebetweenthedifferentstudysiteswasnot
detected.Such results couldbeexplainedby the fact that inour
citypollutionwasnotsevereenoughtoinducesignificantchanges
inmembranelipidperoxidation.Otherstudiesdetectedtheeffect
ofdifferentlevelsofindustrialdensityontheincreaseinTBARSin
someof thesamples transplantedonlyat thepointsclose to the
powerstation (GonzalezandPignata,1997).Lichen injuriescould
be caused by specific pollutants prevailing in the urban
environment.As thepollutantsdidnotexceed threshold levels in
Kaunas city, theairbornepollutantsdidnot induceanyoxidative
stress or it was relatively low, which means that under such
conditions lichenscanrapidlyre–establish thenormalantioxidant
concentrations.

4.2.Bioaccumulationofheavymetals

Everniaprunastriisconsideredasaspeciescharacterizedbya
goodability toaccumulatemetals (Cercasovetal.,2002;Contiet
al.,2004). Inour study, the significantlyhigher concentrationsof
Pbwere recorded in the urban environment. Highly toxic Pb is
released as a result of various industrial processes and is also
associatedwith the vehicular traffic. The increase in Pb concenͲ
tration in the urban sites is probably confirmed by the great
amountofthismetalderivingfromexhaustgases.Hightrafficflow,
frequent traffic queues and widespread use of leaded gasoline
couldexplain theseresults. Inourstudy,accumulatedPbcontent
in the thallusofEverniaprunastri (5–7μgg–1DW)corresponds to
the values measured in the lichens transplanted to the urban
areas:Everniaprunastri,3–7μgg–1DW(Contietal.,2004),Usnea
amblyoclada,8.21μgPbg–1DW (Carrerasetal.,2005).However,
the valueswere very low compared to Pseudevernia furfuracea
transplanted to Naples urban area (15.6–152.7μgg–1 DW)
(Giordano et al., 2005).Anotablyhigher lead concentrationwas
alsocharacteristicoftheindustrialsites(Contietal.,2004;Fratiet
al., 2005). In the industrial sites, a higher Pb content was
accumulated in Hypogymnia physodes (about 10μgPbg–1 DW,
Bialonska and Dayan, 2005). A relatively high Pb content
(34.3μgg–1DW)wasdetermined.Itreachedevento124μgPbg–1
DW in Xanthoria parietina transplanted to the vicinity of a steel
factory (Dzubajetal.,2008). Ithasbeen suggested thatahigher
content of Pb cations in the thalli of lichens transplanted to a
polluted site could be due to the altered integrity of cell
membranes promoted by air pollutants under the presence of
higherquantitiesofleadintheenvironment(Carrerasetal.,2005).

Cucontentofthe lichenthalli increased inallthestudysites.
Thehighestincreasewasfoundintheinnerpartofthecityandcity
parks.It is inaccordancewiththeresultsofanotherstudy,where
Cu accumulatedmore in the urban sites than in the rural ones
(Conti et al., 2004). Compared the accumulated Cu content to
other studies, in this research Cu concentration was relatively
higher (4–7μgg–1DW):Contietal. (2004)determined2–6μgg–1
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
DWofEverniaprunastriwiththehighestvaluesfoundintheurban
sites,Dzubajetal.(2008),30.1μgg–1DWofX.parietina.Thelevels
of Cu were also higher in the thalli transplanted to the urban
pollutedareathanthebaselinematerial–5.15and3.18μgCug–1
DWinUsneaamblyoclada,respectively(Carrerasetal.,2005).The
concentrations of Cu in Tillandsia capillaris were proved to be
affectedbyurbanemissionsources(Wannazetal.,2012).

Cadmiumaccumulationwasrecordedonly inthesiteswitha
heavy traffic load. Comparing the accumulated Cd contentwith
other studies, in this research Cd concentration was similar
(average 0.18μgg–1 DW): Conti et al. (2004) determined 0.1–
0.2μgCdg–1DWofEverniaprunastriwiththehighestvaluesfound
in the industrial sites. In the Naples urban sites heavy metal,
includingCd,contentwasdeterminedhigher,0.6–0.7μgCdg–1DW
of Pseudevernia furfuracea (Giordano et al., 2005), or even
1.90μgCdg–1DWofXanthoriaparietina(Dzubajetal.,2008).The
accumulationofCdwasfoundinallthelichenstransplantedtothe
industrial sites and itwas 2–14 times higher than in the control
thalli of Hypogymnia physodes (Bialonska and Dayan, 2005).
Similarly,the levelsofCd intheruralsiteswere lowerthan inthe
urbanandindustrialsites(Contietal.,2004).

In general, the parks and residential sites showed smaller
increasesinconcentrationsofheavymetalsincomparisonwiththe
trafficsitesandthesitesintheinnercity.Thisindicatesthatparks
and residential sitesareundera loweranthropogenic impact.Cu
concentrations showed thehighest increase in theurban sites in
comparison to the control zone. Despite the changes in the
materials used (for example, dematerialization in the transport
sector,unleadedgasoline),inordertoreduceanegativeimpacton
theenvironment,itisimportanttonotethattheproblemofheavy
metalsstillexistsanditisnecessarytopayattentiontotheuseof
materialscontainingheavymetals.

InKaunascityvehiculartraffic isgenerallythemainsourceof
traceelements.Someindustrialactivityintheoutercitysitesmay
alsohaveacontribution to theurbanpollution.Thestudy results
demonstrated that the current atmospheric conditions inKaunas
city are favourable for the survival and growthof lichens. In the
future studies it is important todemonstrate the changes in the
concentrationsofdifferentcompoundsand lichendiversity in the
last20years.

5.Conclusions

Inthepresentstudyweconcludethatthetransplantedlichen
Evernia prunastriwas able to survive in the urban environment
duringonesamplingmonth.However,weobservedthechangesin
physiology such as the altered content of assimilation pigments
and the increase incellmembranedamage.All theheavymetals
thatwere studied (Cd,Cu,Pb)accumulated in the lichen thalli in
thetrafficsites.Coppershowedatendencytoaccumulateinallthe
transplantedlichensratherthaninoneaparticularsite.Theparks
andresidentialsitesshowedsmallerincreasesinconcentrationsof
heavymetalsascomparedwiththetrafficsitesandthesitesinthe
innercity.TheresultsconfirmedtheabilityofEverniaprunastrito
accumulateheavymetals,which reflectsurbanpollutionemitted
bytraffic.

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